
INTRODUCTION

There has been growing interest over the discovery and
utilization of antioxidants from natural sources such as fruits
and vegetables, because several studies have documented the
potential toxicity associated with the synthetic antioxidants.
Most antioxidants are phenolic substances, in fact, it has been
shown that there is a direct relationship between the total
phenolic content and antioxidant activity in fruits and vege-
tables. Also, the remarkable tyrosinase inhibitory activities of
polyphenols have been reported by several studies1,2.

Recent epidemiological studies have suggested that
increased consumption of plant-derived, antioxidant-rich
foods, decrease the risk of degenerative diseases by reduction
of oxidative stress and inhibition of macromolecular oxida-
tion3,4. In addition, they have also been used in food and
cosmetic industry by the inhibition of tyrosinase enzyme and
there is a serious effort to search for natural tyrosinase inhibi-
tors like plants because they are free of harmful side effects
and can be obtained at a low cost5-7.

Among the dietary plants, walnut (Juglans regia L.) is a
well-known member of Juglandaceae family. It has a remarkable
nutritional composition with rich phenolic compounds. Diffe-
rent studies have proved that isolated polyphenols obtained
from walnuts have strong antioxidant effects and they are
commonly consumed in Turkey8-10.
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The main purpose of this work was to examine the total
phenolic contents, antioxidant potential and tyrosinase
inhibitory activity of walnut’s leaf, husk and seed. As far as
could be determined, this is the first time that the effect of
different extraction times on total phenolic content and radical
scavenging activity of walnut seed, husk and leaf have been
evaluated. In addition, anti-tyrosinase activity of all three parts
of the walnut in a single paper are reported here.

EXPERIMENTAL

Walnut (J. regia L.) leaves, green husks and seeds were
collected in November 2011 in Gebze-Kocaeli (Marmara
region of Turkey). The materials were washed with tap water,
dried in a dark room over a week, frozen and stored at -20 ºC
for further use.

Two gram of each plant material (walnut’s leaves, husks
and seeds) was extracted with 25 mL methanol at 2 and 18 h
separately at room temperature for total phenols determination
and antioxidant activity assays. The extracts were placed in a
centrifuge for 5 min at 5000 rpm twice, filtered, concentrated
under reduced pressure in a rotavapor and then frozen, followed
by lyophilization. In addition, the same plant materials were
extracted at 2 h with 50 mL 50 % aqueous solution of methanol
for tyrosinase enzyme inhibition assay. The same procedure
was applied for each of these extracts10.
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Total phenolic contents: Determination of total phenolic
contents of walnut’ leaves, husks and seeds were determined
by using the Folin-Ciocalteu’s phenol reagent, according to
the procedure previously described by Singleton and Rossi11

with slight modifications. Briefly, 1 mL of Folin-Ciocalteu’s
phenol reagent was added to 1mL of plant extracts and mixed
for 5 min. After the addition of 1 mL sodium carbonate solu-
tion, the mixture was adjusted to 10 mL with distilled water.
After 2 h incubation the absorbance was read at 725 nm by an
Optizen UV spectrophotometer. A calibration curve was
prepared using a standard solution of gallic acid (0.01-0.4 mM).
The results were expressed as mg of gallic acid equivalents
(GAE) per g of lyophilized extract12.

Determination of DPPH radical scavenging activity:

The capacity to scavenge the DPPH free radical was monitored
according to a method reported13. An aliquot (1 mL) of appro-
priately diluted extracts of walnut was mixed with 4 mL of
6 × 10-5 M DPPH solution. After 1 h incubation the absorbance
was measured at 517 nm for 2 and 18 h extracts separately.
The percentage of absorbance inhibition (I %) at 517 nm was
calculated using the equation10:

I % = [(Ablank – Asample)/Ablank ] × 100
Tyrosinase inhibitory assay: Tyrosinase inhibitory

activities of the extracts were determined as described by Chan
et al.14 using a modified dopachrome method with L-DOPA
as the substrate. Briefly, the mixture of 40 U mushroom tyro-
sinase and 0.5 mM L-DOPA with or without the extracts of
different concentrations (1.33, 6.66 and 13.33 mg/mL) in 0.1
M phosphate buffer (pH 6.8) were prepared. Without any
incubation, the absorbance was measured at 475 nm for 1 min
with the UV spectrophotometer. The inhibitory activities of
the samples were expressed as the concentration at which 50 %
of the enzyme activity was inhibited (IC50). The inhibition types
were assayed by the Lineweaver-Burk plot and the inhibition
constants (Ki) were determined by the slope versus concen-
trations of the inhibitors15. Kojic acid in different concentrations
(25 × 10-4, 5 × 10-4 and 12.5 × 10-4 mM) dissolved in phosphate
buffer was used as a positive control and a minimum of two
measurements were taken for each concentration.

Statistical analysis: Statistical analysis was performed
using Statistical Package for Social Sciences (SPSS ver-
sion16.0) for Windows. Comparisons between two groups
were performed by unpaired t-test. Significance was accepted
at p lower than 0.05.

RESULTS AND DISCUSSION

Total phenolic contents: Walnut grown in many regions
of Turkey has a fairly common uses with a high nutritional
value and the phenolic compounds are the most important
group of therapeutically active constituents of this fruit. In
several researches, total phenolic content of different parts of
the walnut has been determined by using the Folin-Ciocalteu
method12,16. Mahoney et al.17, Stampar et al.18 and Pereira et al.19

identified chlorogenic acid, caffeic acid, p-coumaric acid,
ferulic acid, sinapic acid (hydroxy cinnamic acids), ellagic
acid and syringic acid (hydroxy benzoic acids) as well as
syringaldehyde (hydroxy benzaldehyde) and juglone in walnut
seed, green husk and leaf. In the present work total phenolic

contents in the methanolic extracts of walnut leaf, seed and
husk were investigated at two different extraction times (2 and
18 h) and the results were presented in Table-1. For both the
extraction times, leaf extracts showed the highest amount of
phenolic compounds with 121.08 and 133.05 mg/g of GAE,
followed by seeds with 44 and 50.35 mg/g of GAE and husks
26.2 and 29.5 mg/g GAE. While the extraction yields at 2 and
18 h were 29.27 and 30.64 % for leaf, 21.12 and 32.94 % for
seed and 32.87 and 36.17 % for husk extracts, respectively.

TABLE-1 
EXTRACTION YIELD AND PHENOLIC CONTENTS  

OF METHANOLIC EXTRACTS OF WALNUT  
LEAF, SEED AND HUSK 

Samples Extraction yield (%) Phenolic content (mg GAE/g) 

Extraction time (2 h) 

Leaf 29.27 ± 0.15a 121.08 ± 1.07a 
Seed 21.12 ± 0.17b 44.11 ± 1.38b 
Husk 32.87 ± 0.94a 26.21 ± 1.67c 

Extraction time (8 h) 

Leaf 30.64 ± 0.65a 133.05 ± 1.98b 
Seed 32.94 ± 0.28b 50.35 ± 1.82c 
Husk 36.17 ± 0.79b 29.50 ± 1.64a 

Means (n = 3) marked with different letters within each column are 
significantly different (p < 0.05). 
 

DPPH free radical scavenging activity: Antioxidants,
in other words radical scavengers, are believed to intercept
the free radical chain of oxidation and are able to donate
hydrogen from the phenolic hydroxyl groups to DPPH. Free
radical scavenging of phenolic compounds is an important
property underlying their various biological activities20.

Walnut being as a rich natural antioxidant source of fruit
has been used as a medicinal treatment plant in many cultures
since ancient times. A previous study showed that walnut had
the highest antioxidant activity among the analyzed foods and
drinks commonly consumed in Turkey8. Pereira et al.12 investi-
gated the chemical composition of aqueous extracts of six
walnut cultivars by the scavenging effect on DPPH radicals
and all walnut extracts exhibited antioxidant capacity.

On the other hand, the antioxidant activities of walnut
green husk extracts were determined on five different cultivars
and a concentration dependent antioxidative capacity was veri-
fied in reducing power and DPPH assays16. Fig. 1 shows the
effect of different extraction times on the DPPH scavenging
activity in walnut leaf, seed and husk methanolic extracts. For
2 and 18 h extraction times, DPPH free radical scavenging
capacities are for leaf 86.66 and 93.33 %, for seed 84.615 and
92.30 % and for husk extracts 85.714 and 85.12 %, respec-
tively. While a longer extraction time caused an increase on
the scavenging effect of DPPH radicals for walnut leaf and
seed extracts, it had no effect on walnut husks extracts.

Tyrosinase inhibition: As being the largest groups in
tyrosinase inhibitors and flavanoids, polyphenols are widely
distributed in the leaves, seeds, bark and flowers of plants21.
Among these plants, walnut has been reported to be rich in
flavonoids and phenolic acid and therefore, it is an excellent
example to be developed as a tyrosinase inhibitor22,23. Özer
et al.1 investigated the inhibitory effect of methanol extracts of
Cortex Castanea (Castanea sativa) stem bark, Folium Eucalypti
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Fig. 1. DPPH scavenging activity (% inhibition) of walnut leaf, seed and
husk methanol extracts. Each value expressed as mean ± standard
deviation (n = 3)

(Eucalyptus camaldulensis) leaves and Folium Juglandis
(Juglans regia) leaves on tyrosinase activity. The results
showed that Folium Juglandis (Juglans regia) extract caused
the highest inhibition of tyrosinase enzyme.

In the present work the tyrosinase inhibitory activity of
walnut leaf, seed and husk extracts at 2 h extraction time were
examined. Their inhibitory activity was tested against tyrosi-
nase for the oxidation of L-DOPA and all extracts showed
inhibitory activity. Even though, tyrosinase inhibitory activity
of walnut leaf extracts has been shown as tyrosinase inhibitors
earlier. To our best of knowledge, seed and husk extracts,
inhibitory activities are reported for the first time with their
IC50 values and inhibition types. Fig. 2 shows the comparison
of the % inhibition effects of walnut leaf, husk and seed extracts
on tyrosinase enzyme. IC50 values for leaf, seed and husk
extracts showed inhibitory activity of 3.99, 8.837 and 10,154
mg/mL and the inhibition constants (Ki) were found as 3.78,
9.665 and 12.66, respectively. The results are summarized in
Table-2. As shown in Fig. 3, inhibition types of the extracts
were also determined by drawing Lineweaver-Burk pilots and
identified as the competitive, mixed and noncompetitive types
for leaf, seed and husk extracts, respectively. In the study, kojic
acid was used as the positive control. IC50 value and the inhi-
bition type determined for kojic acid was in parallel with the
literature as 0.079 mg/mL and mixed type inhibition24.

Fig. 2. Comparison of the walnut leaf, seed and husk water extracts %
inhibision effects on tyrosinase enzyme

Conclusion

The effect of different extraction times on the antioxidant
activity and the total phenol content in the walnut‘s leaf, husk

TABLE-2 
TYROSINASE INHIBITORY ACTIVITIES OF WATER 
EXTRACTS OF WALNUT LEAF, SEED AND HUSK 

 
IC50 

(mg/mL) 
Inhibition type 

Inhibition constant 
(mg/mL) 

Leaf 3.990 Competitive 3.780 
Seed 8.837 Mixed 7.615 
Husk 10.134 Noncompetitive 9.665 
Kojic acid 0.790 Mixed 0.540 
 

Fig. 3. Lineweaver-Burk plots for the catalysis of L-DOPA by mushroom
tyrosinase concentrations of each tested extracts for plots (A) Kojic
acid 0, 0.0025, 0.05, 0.125 × 10 mg/mL; (B) Leaf 0, 1.33, 2,66 mg/
mL; (C) Seed 0, 6.66, 13.33 mg/mL; (D) Husk 0, 6.66, 20 mg/mL

and seed for the first time. As a part of the study, antityrosinase
activity has also been examined to determine the inhibition
types, IC50 values and Ki constants of walnut seed, green husk
and leaf. The activity of all three parts of the walnut in a single
paper are reported first time. The results of this research suggest
that walnut can be used as an inexpensive and easily accessible
source of effective natural antioxidants as well as the tyrosinase
inhibitor.
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